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1 
The Present improvements, relating generally 
as indicated fo preloading of bogies for motor 
cranes and the like, have more particular re- 
gard fo novel preloading means designed for en- 
abling the handling of greater loads by the crane 
vithout requiring added counterveight, shorten- 
ing of the crane boom or shifting of the bogie 
and crane relative fo one another on the 
hicle chassis. 
Ordinarily motor cranes are mounted on chas- 
sis commonly referred fo as "six vheelers" vhich 
comprise a frame vith a front axle and tvo rear 
axles suspended therefrom, the latter axles being 
part of a bogie of vhich either or both are pro- 
vided vith differential gearing driven through a 
rotary propeller shaft extending rearvardly from 
a gear box associated vith the vehicle engine. 
ttowever, insofar as the principal features of this 
invention are concerned, specific reference fo 
such motor cranes and to particular bogie con- 
structions is fo be regarded as merely exemplary, 
it being understood that the manner and mecha- 
nism for preloading bogiës herein disclosed may 
be equally well suited fo the preloading of bogies 
of semi-trailers of the type adapted fo be coupled 
vith a tractor by means of the usual fifth wheel 
fo thus constitute a so-called "tractor-semi- 
trailer." 
If is, as indicated above, one of the principal 
oMects of this invention fo provide a novel man- 
ner and means for preloading bogies vhereby to 
increase the load carrying capacity of a crane or 
the like mounted on the frame of the chassis or 
semi-trailer, such increased capacity being ob- 
tained without impeding bogie action, vithout 
requiring adding or shifting of counterveights on 
the frame, and without varying the crane op- 
erating radius. 
Other objects and advantages will become ap- 
parent as the following description proceeds. 
To the accomplishment of the foregoing and 
related ends, the invention, then, comprises the 
features hereinafter fully described and par- 
ticularly pointed out in the claires, the follow- 
ing description and the annexed draving setting 
forth in detail certain illustrative embodiments 
of the invention, these being indicative, how- 
ever, of but a few of the various ways in vhich 
the principle of the invention may be employed. 
In said annexed draving: 
Fig. 1 is a perspective view of the rear portion 
of a truck chassis illustrating a preferred em- 
bodiment of the present invention in association 
rlth the bogie suspended [r0 sd çhassls; 

OFFICE 

2 
Fig. 2 is a schematic side elevation view of the 
bogie preloading mechanism; 
Fig. 3 is a schematic representation of a typical 
motor crane without the present improvements 
5 thereon; 
Fig. 4 is a view similar fo Fig. 3 in all respects 
except that the present improvements are asso- 
ciated therevith; and 
Fig. 5 is a rear elevation view of a portion of 
10 a bogie preloading mechanism of a slightly modi- 
fied form. 
Referring now to the draving, and first more 
especially fo Fig. 1 thereof, there is ilIustrated 
therein the rear portion of a "six wheeler" com- 
15 prising a frame .! including longitudinally ex- 
tending side rails ç and 3 and cross members  
and 5 projecting laterally beyond said side rafls 
fo provide outrigging adapted fo be blocked for 
lifting loads from the .sides of the frame. 
20 Suspended from said frame ! is a bogie 6 of any 
desired construction, herein shown as comprising 
a pair of rockers or walMng beams 7 pivoted . 
about trunnions $ on opposite sides of said frame, 
said trunnions being preferably disposed, as best 
25 illustrated in Fig. 2, in llne or slightly below the 
centers of the front and rear axles 9 and 10 re- 
spectively fastened fo the opposite ends of said 
rockers whereby fo eliminate or counteract .the 
"pole vaulting" effect othervise encountered 
30 when the brakes of the tvo pairs of vheels I! 
and 12 on said axles are applied. In the par- 
ticular bogie 6 illustrated herein the rear axle 
f} thereof is provided with differential gearing 
driven by a rotary propeller shaft f extending 
35 fmvardly of the frame fo a gear box (hOt shown) 
which is'disposed rearwardly of the vehicle en- 
gine. 
The begie  just described may be either of the 
single suspension type wherein the parts denoted 
40 by the numeral 7 are leaf springs pivotally con- 
nected fo trunnions $ fixed on the frame or al- 
ternatively of the type in vhich the parts I are 
rigid beams pivotally connected fo trunnions $, 
the load being carried by springs interposed be- 
45 tween said frame and trunnions. Other types of 
bogies which may be employed with the preload- 
ing mechanism fo be presently described include 
the reach member construction in vhich is pro- 
vided a rigid reach member from axle te axle fo 
e which leaf springs are clipped af the middle, said 
springs being shackled ai their ends fo the frame; 
the separate spring suspension type in vhich the 
inner ends of separate springs for each axle are 
joined bF an equalizer bar pivoted fo the frame; 
5 fhe .r!,S rod type in vhich radius rods pivoted 
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close to the trunnion serve to position the axles 
and to transmit brake torque, and the other well 
known types employing equalizer bars, bell 
cranks, parallelogram, and other torque rod sys- 
teins. 
The front end of the truck is of a conventional 
form comprising a cab. I (see Figs.3.and 4). and 
an engine thereunder not shown)-supported .on 
said frame I and a front axle suspended from 
said frame and carrying the pair of steerable 
wheels I  thereon. 
Supported on an intermediate portion o said 
frame I for rotary movement thereon on a tre'n- 
table or other suitable means,andeithersel- 
propelled or through the truck.engine,,usually 
the latter, is a crane generally designated by the 
numeral I1 in Fiis. 3 and 4, said Crane:including 
an operator's compartment 18 therein, said crane 
Il and cab I being preferably so formed that 
the crane may be positioned with its pivoted 
boom 1,9 :exten_ding,,.ï, or3g._d!y:an.d::a!o.ngsid.e:said 
cab I  as when the.,t;uck::i:travelng:.fromone 
job l_o anothe.  WimsoEcrane::co.mpar.ment 
   is .the -ual ::two-d ;arangement :when 
hoisting is-to be done with a hook or a :agnet, 
one .dz.being employedfo:raisng::a-nd loWer- 
ing the boom 9 and £he«o,therdrUm.:b¢ing:em - 
ployed ïor raising the loadtachdo - e.hook 
or magnet. Obvioly :dtional:dnums ,may be 
reqred if :a grabrbucket,.Dr £he:tike js:employed. 
eferring now to the bogie preloading:mecha- 
nism, the saine comprisesfront, and rear. pairs 
of longitudinly .spac.:,baets,:2-ad :21-.on 
said sie :-rails :2 and 3, :sid -.Pairs of .bracke 
being, disposed, on ,opposite.sides .of: the rnions 
8 nd fixed on: ti]e r_espe¢te s[derafls by bolt- 
ing, weldg, r other soEtable::mens. Jo- 
nalled in.e -.pairs .of,:brackes72: :2.1 :-are:the 
oppositeends o torsionçsprg :bars :2 nd 2. 
Adjacent each endofsaid:brs=2and 24:and 
non-rotatable thezeon :as throngh  splined or 
axially serzated connection are:azdly:directed 
pairs oï ïront levers: 25d rear levers 2@hvg 
pairs oï ïront:and.zear«drag:links 21and 
spectively coected :-to .their ner ends, said 
ïront drag links 2 in tn-having their_lower 
ends connected to the opposite ,ends of an .equal= 
er bar 29 and said rear_:ag:links :28-having 
their lower-eds connected:-to the:opposite,engs 
of an -equalizer, bar 0. Said equazer:bars 
and. 30 -are,respecvely piuo£ed at.their centers 
on the front-and ,rear axles;9 .ad I0-of: saidbogie 
8. The connections,.of he :ag:lis 
with the.equaler bs»29:and::$O:.and'leers 
and 26 ae. preferably :of ,the :complemenary:hal! 
and ,socket ype,.dely usedçin :,heautomoive 
industry. 
Said drg,links2.1 
able in length= as by providg 
and 2 respectiely :foed:ith lefnd :and 
righthand teads,.hich are»thraded the:op- 
posite ends .:of a ::holt :3, -rotation of ..said -b!t 
thereby .poving. a. turnbucke -djment .of 
said 'ag. lks. 
Predetermined aoeustmnt :of 
scribed :bogie :prelo 
ïected asfollows: 
(I) ç'he front and 'rear :'!ev¢s: 2  . :  :af e 
moted on :-£-he ..assiated 
23 and :2,o s:tD=be-dposd:t,. 
angle correspondg,£othe:esired :degee 
loading. 
(2) The :fonkdrag ln ,2] :are then djused 
so that:when thefrnt ae 9 of theb0gie,is_in 
its normal position, intermediate is 
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and lowermost positions, as shown in Figs. 1 and 
2, said front equalizer bar 29 and said front levers 
2  will be in a horizontal position, the rear levers 
2 then being inÇlined downwardly at an angle 
5 corresponding with the desired amount of pre- 
loading as aforesaid. 
(3) The,rear drag links:28are hen djusted 
to twist the bars 2 and, 2,untit :the rear levers 
26 are parallel with the front levers 2, said rear 
equalizer bar $0 then being parallel with the front 
.equalizmLbar 29. 
With. such above adjustments ruade, it is now 
evïdent-that the rear drag links 8 will be under 
 compressin,nd that the front drag links 
!5 .Willbe urider:tension respectively exerting down- 
, ward fore, on-the rear axle I  and wheels 12 
,and..upward frCe.,on the front axle 9 and wheels 
I I. With respect to the bogie action, it can be 
 seen:that,the front axle 9 and wheels I I there- 
20 on in moving upwardly .will permit an untwist- 
ig-_.of,.the, bars: -23 sd :4,.,thereby. r, educing the 
smeri» shocks v¢henthe:ont veheels encoun- 
ter a radbump,  Onhe»other hand;,mov, ement 
of--sid front axle 9 nd.-whe¢ls. t  .donwardly 
25 fll-¢ect a i£her:isti er said:bas.and 
2toçthuaçincreasethe:teion en.the front:drag 
links whereby4he-ççntct: psse between the 
front-v«heels-and, the.:pavent*wfi ,be still 
ther reduced. t is to be observed that the bogie 
0 action as ,:to the aisg-and qowerg Of .the 
wheels :: .. relative-: ne another and similari 
of £he wheels.:t2.relive :to«one:aother% not 
in ,any aY 2nerere.d with. As is apparent, the 
equalizer ,bars.2 9 ,and 9 aïe :opeçative fo dis- 
35 tribue _exceie loads,fr one wheel to the 
others. 
Fooing is a.st .of, the Iomae _which may 
be,usèd-for _etermig .the:poper size of,the 
brs 2 _afid 2, :ogether .with a typicaL sample 
iO calcaion :for .,predeterminatCy preloang a 
bogie. 
(]:) » :s, 
-- 
 (2) . . 2SLR 
(3) -- GdD 
0 
(4) S 'GdD 
L:.= Lengh of :Spg:Bar {23:-nd  ) =:68". 
R =Lever (25 and 26) Length=7ï'. 
6 G.= odlus o -TorsonaleEçiciy "11,00,000 
d Di.-of- Sring.Bar 23 and 24 iwches. 
D =Deflctidn in]nchca.at end o£1evers. 25 and 26. 
-AsumingçhaçcShe .eh:on each:bogie:axle 
and   .s 198 tbs. ine runningpositon, £he 
 maa{m::compssiomanfl.tension:lads exerted 
bythe pv¢Daing:.meChanismmust.:be:less than 
ing :a maximum :detion :f '.2ça" upward and 
lbs. varying between :520Oand9,000 "lbs. at the 
imum :and.mnm :deflectons, e-rate 
the sprig bars 2-a :and .-must .each :be 2,000 
1  "2 ='". . 
..h,:  .or :80_0 t. 5inch'Ch:.in .mrnxe- 
t5 quires a :0tgl .flec.iun -0f >9;000/800 '0r 

:t0 
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Now, using ïormula (3) above, the diameter of. 
the sprtng bar can be calculated as foliows: 
W ll'000'000Xd4X]l'25 9000# 
----- 10X56.25X68 
 10X56X68X9000 
d =51,000,000 X 11.25 
d= 4/2.--= 1.291 
Then, using formula (4) with defiections oï 
8.75, 6.25, and 11.25, the following stresses are 
obtained, viz.: 
Preload Stress-- 11,000,000 X 1.291 X 8.75_ 
2X68X7.5 
122,000#/Sq. ' In. 
Minimum Stress-- II,000,000X 1.291X 6125_ 
2X68XT.5 
87,000#/Sq. In, 
Maximum Stress -11'000'000X 1.291 X 11.25 
2X68X7.5 
157,000#/Sq. In. 
Thus the Spring bars 23 and 24 may be ïabri- 
cated fïom chrome vanadium steel for example 
properly heat treated and shot peened fo raise 
the elastic limit fo 175,000-265,000 lbs. per sq. in. 
which is adequate for the above noted stress 
range of 87,000 per sq. in. fo 157,000 lbs. per sq in. 
With an axle distance oï 52" and a distance of 
120" from the center oï rotation oï the crane to 
the hook thereof, or 93" from the trunnions 8 fo 
the hook, the maximum additional load regard- 
less oï where the connections are mage on the 
axles which if is possible to lift at any distance is 
the amount caused by the couple in the ïrame, 
which in this case amounts to 52" × the load in 
the spring divided by any distance selected from 
the center line of the couple to the center .line of 
the load. Thereïore, the increase in stätic liït 
will be 52 × 14,000/93=7840 lbs., and the in- 
crease in moving liït will be 52 × 10,000/935,370 
lbs. 
As a further example, a comparison of Figs. 
3 and 4 will reveal that the installation oï the 
present preloading mechanism without any other 
changes effects an increase of 8,300 lbs. addi- 
tional capacity, viz. 41,800 minus 33,500. In Fig. 
3 the tipping line of the chassis is at the trun- 
nions of the bogie whereas the effect of the pre- 
loading mechanism theïeon, as shown in Fig. 4, 
is to shift such tipping line rearwardly in 
diïect pïoportion to the ground reactions 
24,767 ÷ 52,767 Of the b0gie wheels or 77,534 lbs. 
whereupon 77,534/24,767----.32 or 32%, and 
77,534/52,767.68 or 68%., Then 68% oï 4,333 
feet, the axle distance of the bogie, or 2,946 ïeet 
is the tipping line distance from the ïront bogie 
axle 9. Thus, the new tipping line moves rear- 
ward .780', viz. the difference of 2.946' and 2.166'. 
The new moment of stabflity is equal to 44,034 
Ibs. × 6.653' or about 292,000 ïoot lbs., and the 
radius to the load is then equal to 6.970' where- 
upon the liïting capacity with the boom head of 
Fig. 4 is 292,000 foot lbs./6.970' or 41,800 lbs., 
thereby providing an increased capacity oï 8,300 
lbs. over the 33,500 lbs. as shown in Fig. 3. The 
diagrams in Figs. 3 and 4 represent a substan- 
tially balanced condition except for a 15% safety 
factor as indicated by the figure 2770# at the 
front end of the chassis. 
With reference to Fig. 5, the saine i11ustrates a 
modification in which a hydraulic cylinder 34 is 
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substituted for the rear drag link 28, said cylin- 
der being actuatable at will and with a desired 
variable pressure in line 3 (connected to said 
cylinder and leading from a pump or the like) 
5 fo effect predetermined preloading. With such 
substitution it is more convenient fo preload the 
bogie during use of the crane and to relieve the 
preloading at all other rimes. In this modifica- 
tion, a cylinder 4 may be associated »vith each 
10 of the rear drag links 28 or optionally with each 
of the front drag links 21 and simultaneously 
actuated fo equally preload both spring bars 23 
and 2. 
Although certain difliculties are encountered 
15 in the application of fluid cylinders ïor preload- 
ing, it has been found that in some instances it 
may be feasible fo effect the desired rearward 
shifting of the tipping line of the frame I rela- 
tive to the trunnions 8 by the interposition oï 
20 a fluid cylinder between the rockers ] or exten- 
sions thereof or on either or both of the axles 
9 and Il] and the ïrame I af a point spaced from 
said trunnions for the purpose of producing s, 
turning moment or moments opposite to that 
2 effected by a load on the crane tending to tip 
the frame. The magnitude of such counter- 
moments may be controlled either by the pres- 
sure oï the cylinder motivating fluid or by the 
se oï a compressible fluid such as air, îor er,- 
ample. In the case of incompressible fluids, 
30 blocking of the lines of the cylinder by a valvë or 
the like effects shifting of the tipping line oï the 
frame fo the rear axle Ifi and whee]s 12 thereby 
enabling handling of very heavy loads by the 
35 cïane but of course with corïespondingly greater 
loads on the rear axle Ifi and wheels 12. 
lVrom the fm'egoing, it is now understandable 
that the provisio n oï-a prel0ading mechanism 
such as illustrated and described effectuates a 
40 substantial increase in the load caying capacity 
of the crane or other ]ifting device without the 
necessity of adding further counterweight 36 or 
shifting thereof on the frame, or of shortening 
the operating radius of the boom 19, or of rela- 
tively shifting the bogie 6 and crane Il on the 
45 frame. In addition, it is apparent that this pre- 
loading mechanism has utility with various 
forms of bogies other than that fllustrated 
whether on motor cranes as illustrated or on 
50 semi-trailers and the like. 
Other modes of applying thWprinciple of the 
invention may be employed, change being ruade 
as regards the details described, provided the 
features stated in any of the following claires or 
55 the equivalent of such, be employed. 
We therefore particularly point out and dis- 
tinctly claire as our invention: 
1. The combination with a vehicle frame and 
a pluïal axle bogie suspended theïeïïom, of a 
60 preloading mechanism interconnecting said 
frame and bogie and operative fo exert upwaïd 
force on one axle and downward force on an- 
other axle, said mechanism comprising a tre'sion 
spring bar journalled in said frame, spaced levers 
65 non-ïotatable on said baï, and links connecting 
one leveï with one axle and anotheï leveï with 
another axle, at least one of said links compris- 
ing an extensible hydraulic cylinder assemblage 
opeïative when actuated fo pïedetermïnately 
70 twist said bar. 
2. The combination with a vehicle frame and 
a plural axle tsogie suspended therefrom, of a 
pïeloading mechanism inteïconnecting said 
fïame and bogie and opeïative to exert upward 
75 foïce on one axle and downwaïd ïorce on ,an- 
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ethèr axle, aid rnechanism comprising a ipair 
of torsion-sPring bars "on-said frame, equalizer 
bars pivotlly connected between their ends to 
said one and another axle :respective]y, and li-nks 
connecting said spring bats with the opposite 
ends of said equalizerbars. 
.3. The combination with a vehicte frame and 
a plural ïs»ïle bogie suspended therefrom, of a 
preloading mechanism interconnecing said 
frame and bogïe .and operative to exert upward 
force -on one axle and downward force on an- 
other axle, said mechanism comprising a pair of 
torsion spring bars journalted in said frame, 
spaced levers .on each bar non,otatable there- 
on, equalizer bars pivotally conne-cted between 
their ends to .said :one and another axle respec- 
tively, and links connecting said levers with-the 
opposite ends 0f 'said equalizer bars, .at least one 
of said links :being extensible whereby fo prede- 
terminàtely tWiSt both .of said spring bars. 
4. The combination with a vehicle :frame 
a plural axle begie ,suspended "therefrom, of a 
preloading mechanism interconnecting said 
frame and bogie and operati.ve to exert upward 
force on one axle and downward force on 
other axle, said mehanism comprisng a pair of 
torsion spring bars jouznlled in said frame, 
spaced levers on eachbar non-rotatable there- 
on, equalizer bars pivotally connected between 
their ends fo said one and another aïle respec- 
tively, and links :connecting said levers with the 
opposite ends of said equalizer bars, at least one 
of said links comprsing an extensible hydraulic 
cylinder assemblage operative when actuated to 
pïedeterminately twist 'beth of said spring bars. 
5. The .combination with a vehicle frame and 
a two axle bogie including an axle connecting 
member pivoted between its ends to said frame, 
of a pair of torsion spring bars on said frame ex- 
tending longitudlnally thereof above said axle 
connecting member, equlizer bars pivotally con- 
nected between their ends to said axles respec- 
tively, and links connecting sid spring bars with 
the opposite ends of said equalizer bars. 
6. The combination with a vehicle frame and 
a two axle bogie including an axle connecting 
member pivoted between its ends to said frame, 
of a pair of torsion spring bars on said frame 
extending longitudinally thereof àbove said axle 
connecting member, spaced levers on-each bar 
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non-rotatab]e thereon, equalizer bars pivotally 
connected between £heir ends to said axles re- 
spectively, .and ]inks connecting said levers with 
the opposite ends of said equa]izer bars. 
 7. The combination with a vehicle frame and 
a two axle bogie including an axle connecting 
member pivoted between its ends to said frame, 
of a pair of torsion spring bars on said frame 
extending longitudinally thereof above said axle 
10 connecting member, spaced ]evers on each bar 
non-rotatble thereon, equalizer bars pivotaily 
connected between their ends to said axles 
spectively, and links connecting said levers wih 
the opposite .ends-of said equalizer bars, at least 
15 one of sad links being .extensible whereby to 
predeterminately twist both of said spring bars. 
8. In combination, a vehicle frame, a support 
for the front end of said frame, a support for the 
rear end of said frame comprising a two-axle 
20 bogie including front and Æear axles and an axle 
connecting .member pivoted between its ends to 
said frame, and a preloading mechanism inter- 
posed between said frame and said bogie and 
comprising a torsion spring bar mounted on said 
25 frame and -connected to said axles and twisted to 
exert downward force on said rear axle and up- 
ward torce on sid front axle thereby imposing a 
force moment on said frame wher.eby fo increase 
the load carrying capacity .of said frame insofar 
0 as loads disposed rearward 0f the pivot of said 
member are concerned. 
IOY H. ZEIL/J[AN. 
M)/TIN L. SHEETZ. 
The follow.ing reîerenes are oî reord 
file of this ptent.: 
UNITED STATES PATENTS 
Naine Date 
Howlet ........... Apr. 11, 1922 
I-!-ayes ............. Oct. 1, 1929 
Manns ............ I,Iov. 10, 1931 
Judd ............... Ang. 3.1, 1937 
I-!unman ......... Feb. 1, 1938 
Schiff ............. Aug. 8, 1939 
tOREIGN PATENTS 
Country Date 
reat Britain ...... Ju]y 25, 1935 



